Introduction
Detailed knowledge of the bedrock topography beneath glacial till is often important to locate and identify productive groundwater reservoirs and to map potential hydrologic barriers. In addition, intra-till reflectors can be important as aquifers or as preferential flow paths for contaminants at polluted sites. Various geophysical methods have been successfully employed to image the base of glacial tills, including resistivity (Lennox and Carlson, 1967) , gravity (Carmichael and Henry, 1977) , seismic refraction (Haeni, 1986) and seismic reflection (Warrick and Winslow, 1960; Hunter et al., 1984) surveys. The CDP method has not, however, been widely utilized to image bedrock beneath glacial till. This paper demonstrates the feasibility of using the CDP method to image bedrock topography beneath glacial till and of using individual field files to detect intra-till reflectors at depths less than 40 m in north central Iowa.
The identification of reflections on unprocessed field files is critical to a confident interpretation of CDP processed highresolution seismic data. As the two-way travel time decreases, reflection recognition is complicated by increased interference from non-reflection events, and by changes in reflection character with increasing shot-to-receiver offset (Hunter et al., 1984 ; Pullan and Hunter, 1985) . Positive identification of reflections is necessary in order to separate and reduce refraction energy (commonly the earliest seismic energy) without degrading early reflections (Steeples and Miller, 1990 
Significance of Mapping the Bedrock Interface
The ability to determine till thickness in this region is important for a variety of reasons related to the water-supply. First, surface-water reservoirs are widely spaced and uncommon. River valleys and associated alluvial aquifers are locally deeply incised but this dissection extends only a short way back from the valleys, commonly less than 1.5 km (Kemmis et al., 1981) . As a result, the interfluve areas are quite broad and the majority of water must be obtained from wells. Second, although lenticular sand and gravel units within or between the tills may provide locally abundant water supplies, the tills themselves are not generally conducive to water flow. Therefore, many water wells penetrate sub-till aquifers to sustain a reliable water supply (Munter et al., 1983 There is an approximate 10% uncertainty in the calculated stacking velocities. This uncertainty is due to the limited range of offsets that image shallow reflectors in our data, the unavoidable static shifts associated with seismic data acquired on land, and the slight perturbations in the non-hyperbolic moveout associated with inhomogeneous media.
These velocity inaccuracies result in depth errors of 3 to 4 m for reflector depths of 40 m. A depth uncertainty of this magnitude does not significantly affect our interpretations.
Conclusion
The CDP seismic-reflection method has been shown to be useful for mapping bedrock beneath glacial till in north central Iowa. This information can be used to identify shallowsubsurface faults, to direct water-well placement, to locate potential hydrogeological barriers and preferential contaminant flow paths, or to enhance datum corrections during seismic processing of deeper reflections. Intra-till reflectors were observed in the field files but could not be enhanced during CDP processing due to their limited horizontal extent, the inherent smearing effect of CDP processing, and the acquisition geometries used. While the data shown here were part of a survey with objectives a few hundred meters deep, they suggest that seismic reflection surveys designed to image the base of the glacial till could accurately image bedrock topography and intratill reflectors at local to regional scales.
